SYNOPSIS Six current histological methods for demonstrating amyloid (crystal violet, thioflavine-T fluorescence, Congo-red staining and fluorescence, Sirius-red staining, and Congo-or Sirius-red birefringence) were applied in 25 cases of amyloidosis of various types and 47 pseudo-amyloid lesions. The results were compared and were correlated with those of ancillary histochemical tests and clinico-pathological data and each method's sensitivity and specificity for amyloid was evaluated. Thioflavine-T and, to a lesser degree, Congo-red fluorescence and Sirius-red staining proved very sensitive but not specific. Green birefringence with Congo or Sirius red was specific but not completely sensitive. The coexistence of Congo-red (and Sirius-red) staining and a positive DMAB-nitrite reaction occurred in all amyloid specimens and appeared specific for amyloid.
Three main techniques are currently employed for the histological demonstration of amyloid: 'metachromasia' with triphenylmethane dyes (eg, crystal violet); staining with substantive cotton dyes (Congo red, Sirius red), with or without fluorescence or polarization microscopy; and fluorescence with thiazole dyes (eg, thioflavine-T). The pseudometachromatic (Kramer and Windrum, 1955) triphenylmethane methods appear to have lost favour, and the recent literature is concerned mainly with the respective merits and defects of the cotton dyes and fluorescent thiazoles. Some authors recommend refinements of Congo-red (Missmahl, 1957; Puchtler and Sweat, 1965; Puchtler, Sweat, and Levine, 1962) or Sirius-red (Sweat and Puchtler, 1965) techniques; others express strong preference for the thioflavines (Vassar and Culling, 1959; Schwartz, 1965; Nebut and Hartmann, 1966; Saeed and Fine, 1967) ; still others criticize thioflavine methods on grounds of non-specificity (Rogers, 1965; McKinney and Grubb, 1965) .
The present evaluation of representative methods was planned to help to resolve this controversy. Its design recognizes two points of difficulty that tend to obscure the issue and to frustrate judgment: these points are that the microscopical detection of amyloid is a biphasic operation, and that evaluation of relevant methods requires an indirect, heuristic approach.
Rezeived for publication 5 November 1968. Microscopical discovery of amyloid deposits comprises two distinct, sequential operations, screening and identification. The former, though it can be performed suboptimally on sections stained by routine methods, ideally requires a method with a high degree of sensitivity, both qualitative, whereby all varieties of amyloid are demonstrated, and quantitative, whereby even minute deposits are revealed by the intense visual effect. Identification, on the other hand, absolutely requires a method of high specificity, whereby only amyloid, and no other substance, reacts positively. Sensitivity and specificity are recognized by organic chemists (Feigl, 1966) as reciprocal rather than parallel properties, in that a highly sensitive method tends to be rather nonspecific and a highly specific method relatively insensitive; therefore, any method ofevaluation must measure each of these properties separately.
Direct evaluation of an unknown requires an absolute standard with which the unknown can be directly compared and thereby calibrated. No absolute standard is available for an evaluation of methods of diagnosing amyloid, because there is no standard method of proved sensitivity and specificity for amyloid to serve as an absolute basis of comparison. The requisite procedure therefore entails preliminary recording of staining patterns produced by each method on a set of tissues; subsequent correlation of these patterns with all relevant histochemical, pathological, and clinical information; and, finally, synthesis of the data to determine the sensitivity and specificity of each method.
MATERIALS AND METHODS
Most of the tissues were collected prospectively from the surgical and necropsy diagnostic services in cases in which amyloid disease was suspected. A few were deliberately selected retrospectively to complete the series. In all, 25 cases of amyloidosis of various types (Table I) and 47 of various pseudo-amyloid lesions (Table II) were examined. The tissues were fixed in neutralized formalin for six to 36 hours and were processed to paraffin. In most cases only one or two blocks of one organ or biopsy specimen were examined, but multiple blocks from various organs were studied in some necropsy cases of amyloidosis. Every block was serially sectioned to permit performance of eight constant methods and, as required, ancillary methods to characterize pseudoamyloid deposits. (Puchtler et al, 1962) and fluorescence (Puchtler and Sweat, 1965) ; Sirius-red staining (Sweat and Puchtler, 1965) ; DMAB-nitrite (Adams, 1957) .
ANCILLARY METHODS Periodic-acid Schiff; phosphototungstic acid-haematoxylin; acid orcein; ferric ferricyanide reduction (Lillie, 1965) ; diazotization-S acid (Glenner and Lillie, 1959) ; dihydroxydinaphthyldisulphide-fast blue (DDD), and thioglycolate DDD (Barmett and Seligman, 1952) ; alcian blue 8GS (Barka and Anderson, 1963) ; performic acid-alcian blue (Pearse, 1960) .
To allow for differing pH optima of the reaction, crystal-violet staining was performed in duplicate with dilute (01 %) aqueous solutions buffered to pH 1-5 and pH 3-0. For fluorescence microscopy a Leitz fluorescent microscope was used with the appropriate filters prescribed by Vassar and Culling (1959) for thioflavine-T and by Puchtler and Sweat (1965) for Congo red. Polarization-optical studies were performed with an ordinary Zeiss microscope equipped with polaroid filters and with a Leitz polarizing microscope. These studies were directed particularly to appreciation of the enhanced green birefringence, which has been described as a specific reaction of amyloid stained with Congo red (Missmahl, 1957) or Sirius red (Sweat and Puchtler, 1965) . The DMAB-nitrite reaction (for indole residues) was applied in all cases, because amyloid appears always to have an appreciable tryptophan content (Cohen, 1965) and, therefore, should always give a positive indole reaction.
The methods were evaluated by preliminary recording of all stained deposits morphologically consistent with amyloid, and subsequent analysis of these deposits to determine whether they were true (amyloid) or false (pseudo-amyloid). Deposits were designated 'pseudoamyloid' when analysis indicated that they consisted entirely of identifiable substances known to be distinct from amyloid (Table IlI) . Alternatively, deposits that stained with one or more amyloid methods and that could not be otherwise identified were assumed to be amyloid. Specificity was estimated from the observed incidence of falsely positive results yielded by each method. Qualitative sensitivity was calculated as a ratio (number of amyloid cases detected by the r number of amyloid cases surveyed). Quanti tivity was roughly assessed from the rel effect produced by each method.
RESULTS AND DISCUSSION
Two main classes of pseudo-amyloid v nized and were segregated according histochemical profiles (Table II) . 1 designated 'stromal hyaline', formed by of normal connective-tissue components, and/or elastica, and 'fibrinoid', formed tion of plasmatic protein, including fibri interstitium. The results of evaluation are depicted ii measurement of two parameters: range tive sensitivity, ie, proportion of total am detected by the method, which is indica degree of spanning of the central 'amyloi and the amount of non-specificity, ie, prc falsely positive results yielded by the met is indicated by the degree of overlap into 'pseudo-amyloid' columns.
Crystal-violet 'metachromasia' was spe the limits of the study, ie, excluding epi chondroid mucins, on morphological gr had a low range (< 70 %) of sensitivity.
is due largely to the almost uniform no of deposits of primary generalized a Therefore, the crystal-violet method by it be recommended.
The pattern for thioflavine-T was quit ie, collagen (vegetable-cellulose fibres can be excluded morphoby infiltra-logically), and must be regarded as the essential in, into the method for its certain identification. Even theoretically, however, the sensitivity of this method for Fig. 1 as a minute amounts of amyloid would be suspect, of qualita-because the colour birefringence phenomenon is a yloid cases function of both the thickness and the orientation Lted by the of the deposits (Wolman and Bubis, 1965 In summary, the evaluation yielded two conclusions.
1 Thioflavine-T fluorescence, Congo-red fluorescence, and Sirius-red staining (in descending order of quantitative sensitivity) constitute efficient screening methods for amyloid but lack the specificity necessary for positive identification.
2 Green birefringence with Congo red or Sirius red affords specific identification of amyloid but may be inconspicuous or (rarely) absent in minute deposits. In such cases, the coexistence of Congo-red (or Sirius-red) staining and a positive DMABnitrite reaction can be taken as proof of amyloid.
In the author's experience the screening tests can be performed readily by a competent orthodox histopathologist, whereas the identification procedures present difficulty to anyone not versed in the special techniques of polarization microscopy and histochemistry.
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